Objective The aim of this study was to investigate whether the use of low frame rate fluoroscopy at 7.5 frames per second during coronary intervention could reduce radiation exposure in Japanese patients. Methods From December 10, 2014 to March 20, 2015, 84 consecutive patients with coronary artery disease who underwent coronary intervention in our institution were retrospectively collected and then divided into two groups: the LR group (fluoroscopy at 7.5 frames per second) and the OR group (fluoroscopy at 15 frames per second), according to the frame rate of fluoroscopy that was used in their treatment. Results There were no differences in the patient backgrounds or the procedural characteristics of the two groups. Although there were no differences in the contrast volume or fluoroscopy time, the total air kerma at the interventional reference point, which is used to monitor the patient's radiation dose, was significantly lower in the LR group than in the OR group (701.4 427.9 vs. 936.8 623.9 mGy, p=0.02). Conclusion Low frame rate fluoroscopy at 7.5 frames per second is safe and feasible for use during coronary interventions and an easy and useful strategy for reducing the radiation to which patients are exposed during coronary intervention.
Introduction
Recent progress in new devices and techniques that are used in coronary intervention has made it possible to treat complex coronary lesions such as a chronic total occlusion with catheterization. With this expansion of complex treatments, some concerns have been raised regarding the increasing length of fluoroscopy time as it results in increased radiation exposure. On the other hand, numerous studies have demonstrated that the transradial approach results in reduced bleeding complications (1) , and consequently the use of the transradial approach is expanding worldwide. Although there are conflicting reports, the transradial approach has been reported to result in increased radiation exposure (2) (3) (4) . In addition, the radiation exposure involved in such procedures presents a risk not only to patients, but also to operators and medical staff.
Under these circumstances, we should pay further attention to reducing radiation exposure. Recently, several studies have revealed that new X-ray imaging technologies can reduce radiation exposure while maintaining image quality (5, 6) . The use of low frame rate fluoroscopy at 7.5 frames per second is an important advancement with the potential to reduce radiation exposure; however, the effectiveness of these technologies in reducing radiation exposure has not been separately analyzed (3, 7) . Furthermore, because body mass influences the radiation dose (3), the effectiveness of the new imaging systems might be different for Asian patients who tend to have a lower body mass. The aim of the present study was to investigate whether the use of low frame rate fluoroscopy during coronary intervention could reduce the radiation exposure in Japanese patients. Values are the mean ± SD or n (%).
Materials and Methods
The study design and cohort
From December 10, 2014 to March 20, 2015, 84 consecutive patients with coronary artery disease who underwent coronary intervention in our institution were retrospectively evaluated (no patients were excluded). All of the patients provided their written informed consent for the procedure, and the institutional review board approved this study.
Our center has used the transradial approach as a default access site for 8 years. New flat panel detector X-ray systems (Allura X-per Clarity FD10/10 and Allura X-per FD20, Phillips, The Netherlands) were installed in our institution in May 2013. Since then, all coronary angiography has been performed with either of these systems. The frame rates of both fluoroscopy and cineangiography had been 15 frames per second. In November 2014, the main operator started to use low frame rate fluoroscopy at 7.5 frames per second. Thereafter, low frame rate fluoroscopy was routinely performed by an increasing number of operators as more operators recognized its feasibility. The penetration rate of low rate fluoroscopy in our institution was approximately 50% during this study period.
Cardiac catheterization and percutaneous coronary intervention
The operators included one board-certified member (the main operator), three fellows of the Japanese Association of Cardiovascular Intervention and Therapeutics, and two training cardiologists. When the training cardiologist was the operator, the procedure was always assisted by either the board-certified member or a fellow. Although no standardized views were defined, the coronary intervention procedures were performed using standard techniques. The use of low rate fluoroscopy was left to the discretion of the operators.
Radiation dose assessment
The fluoroscopy time was defined as the time that fluoroscopy is used during a procedure. The total air kerma at the interventional reference point (AK, Gy) was defined as the cumulative air kerma at the interventional reference point (8) . This radiation monitoring value, which is required on interventional X-ray systems, is generated by the angiographic system for each case and recorded in the database. AK is used to monitor the patient's dose burden as it is associated with deterministic skin effects; however, it is not the true peak skin dose.
Statistical analysis
Categorical and continuous variables are expressed as numbers and percentages, and the mean±SD, respectively. The differences between the two groups were evaluated using the chi-square test for categorical variables and the Mann-Whitney U test for continuous variables. p values of < 0.05 were considered to be statistically significant. All statistical analyses were performed using the SPSS software program.
Results
A total of 84 consecutive patients who underwent coronary intervention in our institution were examined in this study. Low frame rate fluoroscopy (7.5 frames per second) was used in 45 patients (LR group); ordinary frame rate fluoroscopy (15 frames per second) was used in 39 patients (OR group). The frame rate was not changed during the procedure for any of the cases. The clinical characteristics of the patients are shown in Table 1 . Although the rate of chronic kidney disease tended to be higher in the LR group, there were no significant differences in the clinical characteristics of the two groups. The procedural characteristics are shown in Table 2 . The access site in most patients was the radial artery; representative proportions of the access sites did not differ significantly between the two groups. There were no significant differences in the number of treated lesions per patient, the complexity of the lesions, the contrast volume or fluoroscopy time of the groups. However, the AK value was significantly lower in the LR group than in the OR group (701.4±427.9 vs. 936.8±623.9 mGy, p=0.02) (Figure) .
Discussion
Low frame rate fluoroscopy would undeniably represent an effective advancement for reducing the radiation dosage if it offers comparable image quality. One of the major concerns is that the reduced frame rate would worsen the image quality and lead to prolonged fluoroscopy time. Indeed, some operators in our institution have remained resistant to reducing the frame rate to 7.5 frames per second because some flickering may be observed; however, the dynamic image processing functionality, which is included as standard equipment in modern flat-panel X-ray detector systems, makes the flickering minimal enough to be ignored. In the present study, there were no significant increases in either the contrast volume or the fluoroscopy time in reduced frame rate fluoroscopy (7.5 frames per second). In addition, procedural success and operative complication rates were comparable, and there was no case in which we changed the frame rate during the procedure. Previous studies on this topic did not report any increases in either the contrast volume or fluoroscopy time with low frame fluoroscopy (9, 10) , and the image quality score has previously been indicated to be comparable (5, 6) . Thus, with advances in technology, the flickering that occurs as a result of the low frame rate is no longer considered to be a problem.
The reduced frame rate in fluoroscopy is a simple and easy means of reducing radiation exposure. Shorter fluoroscopy times are achievable as operators gain knowledge and experience. However, there is a learning curve and time will be required before the operator will be able to reduce the radiation dose. However, a frame rate reduction can be executed immediately. Moreover, every operator is able to decrease the radiation dose associated with the procedure by approximately 25%, without any special training. Importantly, the reduced frame rate, and associated risk reduction, can be applied to all patients. A randomized study (9) was conducted in a Canadian center with 385 patients whose average body mass index was 29 6 kg/m 2 . The results demonstrated that in comparison to fluoroscopy at 15 frames per second, fluoroscopy at 7.5 frames per second achieved a 19% reduction in the patients' dose-area product during transradial coronary intervention. This effectiveness was similar to the results of the present study, while the smaller body mass index of our patients was comparable with previous reports on Japanese patients who underwent coronary intervention (11, 12) .
There are some limitation associated with the present study: 1) the study population was small and our study was performed at a single institution; 2) this study was a retrospective analysis and non-randomized; thus, we could not avoid some bias. Although the operators who used low frame rate fluoroscopy might pay more attention to reducing the radiation dose, the patients' background characteristics and the procedural characteristics (including fluoroscopy time) did not differ between the two groups; and 3) the radiation dose was only measured by AK. The real effects of radiation exposure associated with lower frame rate fluoroscopy among the patients, operators and medical staff were unclear; however, there was a definite reduction in the radiation dosage.
Conclusion
Fluoroscopy at 7.5 frames per second is safe and feasible for use during coronary intervention, and it is an easy and useful strategy for reducing radiation exposure by 25.1% (as measured by AK). We should be willing to adopt this technology to improve the safety of patients and medical staff.
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